
The goal of the US coronavirus disease (COVID-19) 
vaccination campaign is to substantially reduce 

the overall burden of COVID-19 by preventing se-
vere acute respiratory syndrome coronavirus (SARS-
CoV-2) infections, reducing virus transmission, and 
reducing hospitalizations and deaths. Data from the 
Centers for Disease Control and Prevention (CDC) 
have demonstrated that the number of COVID-19 pa-
tients in intensive care units is higher in states with 
the lowest vaccination levels than in states with high-
est vaccination levels (1,2). However, as of September 
10, 2021, ≈15% of US adults were not vaccinated, and 
28% were not fully vaccinated (3).

Whereas reasons for nonvaccination or under-
vaccination are multifactorial (4–8), studies suggest 
that persons with a previous diagnosis of COVID-19 
are less likely to be vaccinated than are those who 
have not previously had COVID-19 (9). However, 
CDC recommends that persons previously infected 
with SARS-CoV-2 still get the vaccine (10). This rec-
ommendation refl ects the knowledge that although 
the rate of reinfection among persons with previous 
COVID-19 illness is very low (11–13), natural im-
munity from infection may not provide a suffi cient 
level of protection, particularly among the elderly 
(14). Persons who have had COVID-19 can still be-
come severely ill if reinfected, and even those who 
were initially asymptomatic can have ongoing health 
problems several weeks or even longer after getting 
reinfected (long haulers) (10). Moreover, those who 
were previously infected with SARS-CoV-2 and be-
came infected again can still transmit the infection 
to others (10). Vaccination not only protects persons 
who have not been previously infected but also pro-
vides a strong boost in protection for those who have 
recovered from COVID-19 (10); a growing body of 
evidence demonstrates added protection against re-
infection for persons who were previously infected 
with SARS-CoV-2 when they have a higher titer of an-
tibodies resulting from vaccination (15). It is vital that 
all persons be fully vaccinated, regardless of infection 
history. Without achieving this level of vaccination 
coverage, COVID-19 spikes and clusters will prob-
ably re-emerge in areas with low vaccination levels.

Vaccination coverage and intentions to be vacci-
nated among persons who had a previous diagnosis 
of COVID-19 is unknown. Our goals with this study 
were to 1) compare vaccination coverage (>1 dose and 
receipt of all recommended doses) and intention to be 
vaccinated, by previous COVID-19 status; 2) examine 
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To determine the extent of gaps in coronavirus disease 
(COVID-19) vaccine coverage among those in the United 
States with and without previous COVID-19 diagnoses, 
we used data from a large, nationally representative 
survey conducted during July 21–August 2, 2021. We 
analyzed vaccine receipt (≥1 dose and full vaccination) 
and intention to be vaccinated for 63,266 persons. Vac-
cination receipt was lower among those who had a prior 
diagnosis of COVID-19 compared to those without: >1 
dose: 73% and 85%, respectively, p<0.001; full vaccina-
tion: 69% and 82%, respectively, p<0.001). Reluctance 
to be vaccinated was higher among those with a previous 
COVID-19 diagnosis (14%) than among those without 
(9%). These fi ndings suggest the need to focus educa-
tional and confi dence-building interventions on adults 
who receive a COVID-19 diagnosis during clinic visits, 
or at the time of discharge if hospitalized, and to better 
educate the public about the value of being vaccinated, 
regardless of previous COVID-19 infection.
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factors associated with vaccination coverage and in-
tention to be vaccinated and reasons for nonvaccina-
tion, by previous COVID-19 status; and 3) assess the 
correlation between state-level prevalence of previ-
ous COVID-19 diagnoses and COVID-19 vaccination 
coverage, by using data from a large, nationally rep-
resentative household survey. Knowing the extent of 
gaps in vaccination coverage among those with and 
without a history of COVID-19, as well as reasons for 
these gaps, is necessary for designing and targeting 
effective interventions to improve vaccine uptake at 
the population level.

Methods

Survey Design
To help elucidate household experiences during 
the COVID-19 pandemic, we examined data from 
the Household Pulse Survey (HPS), a large, nation-
ally representative household survey that has been 
conducted by the US Census Bureau since April 
2020 (16). The study design of the HPS has been 
published (17). We examined data collected during 
July 21–August 2, 2021; a total of 63,266 persons re-
sponded (response rate 6.1%) (18). This study was 
reviewed by Tufts University Health Sciences In-
stitutional Review Board and was not considered 
human subjects research.

COVID-19 Questions
HPS questions cover COVID-19 diagnosis, vaccina-
tion coverage, vaccination intention, and reasons 
for not being vaccinated. COVID-19 diagnosis was 
assessed by the following question: “Has a doctor 
or other health care provider ever told you that you 
have COVID-19?” (yes/no/not sure). Because of the 
low numbers of responses in the not sure category 
(<1%), this study examined only responses for yes 
and no. COVID-19 vaccination receipt (>1 dose) was 
assessed with the following question: “Have you re-
ceived a COVID-19 vaccine?” (yes/no). Adults who 
reported having received >1 dose were asked: “Did 
you receive (or do you plan to receive) all required 
doses?” (Yes, received all required doses/Yes, plan to 
receive all required doses/No, don’t plan to receive 
all required doses). Full vaccination coverage was de-
fined as a response that all required doses have been 
received.

Among adults who did not receive any COVID-19 
vaccinations, we assessed future vaccination intentions 
by asking, “Once a vaccine to prevent COVID-19 is 
available to you, would you... definitely, probably, be 
unsure about, probably not, or definitely not get(ting) 

a vaccine.” Because the vaccination intention questions 
were asked only of those who were not vaccinated, as-
sessing intention over time would show bias as more 
persons got vaccinated (reducing the sample size of 
those who are asked about intention). To reduce this 
potential for bias, the denominator for vaccination in-
tention was everyone in the sample, including those 
who were vaccinated. We categorized unvaccinated 
respondents who did not definitely plan to be vacci-
nated as uncertain (those who probably will get vac-
cinated or are unsure about getting vaccinated) or re-
luctant (those who probably will not or definitely will 
not get vaccinated). Because of the low numbers of re-
spondents who definitely would get vaccinated (<5%) 
and their similarities to the vaccinated group, we did 
not include them in this study.

Unvaccinated persons who did not report that they 
would definitely get vaccinated were asked about their 
reasons for not getting vaccinated: “Which of the fol-
lowing, if any, are reasons that you [probably will/
are unsure about/probably won’t/definitely won’t] 
get a COVID-19 vaccine/did not receive all required 
doses.” Response options, for which they could select 
all that applied: 1) “I am concerned about possible side 
effects of a COVID-19 vaccine,” 2) “I don’t know if a 
COVID-19 vaccine will protect me,” 3) “I don’t believe 
I need a COVID-19 vaccine,” 4) “My doctor has not rec-
ommended it,” 5) “I plan to wait and see if it is safe and 
may get it later,” 6) “I am concerned about the cost of 
a COVID-19 vaccine,” 7) “I don’t trust COVID-19 vac-
cines,” 8)” I don’t trust the government,” 9) “I don’t 
think COVID-19 is that big of a threat,” 10) “It’s hard for 
me to get a COVID-19 vaccine,” and 11) “Other (speci-
fy).” Respondents who reported that they were not ful-
ly vaccinated, despite already having received 1 dose, 
were given additional options: 1) “I believe one dose is 
enough to protect me,” and 2) “I experienced side ef-
fects from the dose of COVID-19 vaccine received.”

Sociodemographic Characteristics
We assessed the following sociodemographic charac-
teristics: age group (18–49 years/50–64 years/>65 years, 
gender (male/female/transgender or other), race/
ethnicity (non-Hispanic White/non-Hispanic Black/
Hispanic/non-Hispanic Asian/non-Hispanic other 
or multiple races), educational attainment (less than 
high school/some college or college graduate/
above college graduate), annual household income 
(<$35,000/$35,000–$49,999/$50,000–$74,999/>$75,000/ 
not reported), health insurance coverage (yes/no), 
number of persons in the household (1–2/3–5/>6), 
and housing structure (single-family home/condomini-
um or townhouse/multi-unit housing/other).
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Analyses
We analyzed prevalence of previous COVID-19 in-
fection overall and by sociodemographic character-
istics. We determined the association between previ-
ous COVID-19 diagnosis and COVID-19 vaccination 
coverage (>1 dose and receipt of all required doses) 
by using multivariable regression analyses adjusted 
for sociodemographic variables (age group, gender, 
race/ethnicity, educational status, annual household 
income, insurance status, household size, and hous-
ing structure). We also examined factors associated 
with COVID-19 vaccination coverage (>1 dose and 
receipt of all required doses) stratified by previous 
COVID-19 disease status. Furthermore, intention to 
get vaccinated (uncertain/reluctant) was analyzed 
by previous COVID-19 disease status overall and by 
sociodemographic characteristics. We assessed fac-
tors associated with vaccination intention (uncertain/
reluctant) stratified by previous COVID-19 disease 
status in multivariable analyses by using adjusted 
prevalence ratio (aPR). Reasons for not getting vac-
cinated were assessed by previous COVID-19 disease 
status. Proportions and 95% CIs for reasons for not 
getting vaccinated were examined by intention cat-
egories (uncertain/reluctant). We created a scatter-
plot of state-level prevalence of previous COVID-19 
infection and vaccination coverage and determined 
R2 for the correlation between the 2 variables. We 
conducted contrast tests for the differences in pro-
portions, comparing each category to the referent 
category and comparing those who ever and never 
had a COVID-19 diagnosis with a 0.05 significance 
level (α = 0.05). We used Stata 16.1 (17) to account for 
the survey design and weights to ensure a nationally 
representative sample. Unless otherwise noted, all re-
sults presented in this report are significant at p<0.05.

Results

Sample Characteristics
More than one half of the sample participants were 
18–49 years of age, one quarter were 50–64 years, and 
22% were >65 years (Table 1). Most (62%) were non-
Hispanic White, 17% were Hispanic, 11% were non-
Hispanic Black, 6% were non-Hispanic Asian, and 4% 
were non-Hispanic other/multiple race. More than 
60% had at least some college education, 32% had an-
nual household incomes of >$75,000, and most (92%) 
had health insurance. Half (50%) of the households 
had 3–5 persons living in the household, 39% had 
1–2 persons, and 11% had >6 persons. Furthermore, 
69% lived in single-family homes, 19% in a multi-unit 
home, 8% in a townhouse/condominium, and 5% in 

other settings (e.g., mobile homes, boats, vans, recre-
ational vehicles).

COVID-19 Infection and Vaccine Receipt
Nationally, 15% of adults had a previous diagnosis of 
COVID-19 (Table 1). Prevalence of having a positive 
history of COVID-19 infection was highest among 
adults 18–49 years of age (17%), Hispanic adults (21%), 
and adults with high school education or less (16%) 
compared with their respective counterparts (Table 
1). Moreover, respondents living in larger households 
were more likely to report having been infected with 
COVID-19 (20% among households with >6 persons) 
compared with those living in smaller households 
(12% among households with <2 persons).

Vaccination coverage (>1 dose and full vaccina-
tion) was lower among those who ever had COVID-19 
than those who had no history of COVID-19 infection 
(Table 2). For example, those with a history of COV-
ID-19 were 0.88 (95% CI 0.86–0.91) times as likely to get 
>1 COVID-19 vaccination and 0.86 (95% CI 0.84–0.89) 
times as likely to be fully vaccinated. Across all so-
ciodemographic characteristics, vaccination coverage 
(>1 dose and full vaccination) was lower among those 
with a history of COVID-19 infection than among 
those who never had COVID-19 (Appendix Table 1, 
https://wwwnc.cdc.gov/EID/article/28/3/21-1561-
App1.pdf). Among those with a history of COVID-19, 
factors associated with lower vaccination coverage (>1 
dose) were being male (aPR  0.93, 95% CI 0.88–0.99) 
and living in larger households (>6 persons: aPR 0.87, 
95% CI 0.77–0.99) compared with their respective 
counterparts. Being Hispanic (aPR 1.11, 95% CI 1.01–
1.22), non-Hispanic Asian (aPR  1.21, 95% CI 1.10–
1.32), having a high education level (above college 
degree: aPR 1.18, 95% CI 1.11–1.26), and high income 
(>$75,000: aPR 1.14, 95% CI 1.05–1.25) were associated 
with higher vaccination coverage (>1 dose) compared 
with their respective counterparts.

Across all states, prevalence of previous COV-
ID-19 infection was inversely proportional to COV-
ID-19 vaccination coverage (R2 = 0.4074) (Figure). For 
example, in Mississippi, vaccination coverage was 
75% and prevalence of previous COVID-19 infection 
was 22%, whereas in Vermont, vaccination coverage 
was 90% and prevalence of previous COVID-19 in-
fection was 5%, and in Oregon, vaccination coverage 
was 88% and prevalence of previous COVID-19 infec-
tion was 7%.

Vaccination Intentions
Intention to get vaccinated and factors associated 
with vaccination also differed by previous COVID-19  
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status (Appendix Table 2). The proportion of adults 
who were uncertain about vaccination was higher 
among those with a previous COVID-19 diagnosis 
(10%) than among those without (5%), and the propor-
tion of adults who were reluctant about vaccination 
was higher among those with a previous COVID-19 di-
agnosis (14%) than among those without (9%). Across 
most socioeconomic characteristics, the proportion of 
uncertain and reluctant adults was also higher among 
those who ever had COVID-19 than among those who 
never had COVID-19. Furthermore, factors associated 
with being uncertain differed by COVID-19 case status. 

For example, being non-Hispanic Black was associated 
with being uncertain about getting vaccinated among 
those who never had COVID-19 (aPR 1.68, 95% CI 1.34–
2.12) but not among those who ever had COVID-19. 
Furthermore, having high educational levels (above 
college graduate: aPR 0.29, 95% CI 0.22–0.38) and high 
income levels (>$75,000: aPR  0.61, 95% CI 0.50–0.74) 
were associated with lower risk of being reluctant to 
get vaccinated, and living in larger households (>6 
persons: aPR  1.78, 95% CI 1.41–2.24) was associated 
with vaccination reluctance among those who never 
had COVID-19 but not among those who ever had 
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Table 1. Prevalence of previous COVID-19 diagnosis among adults, by socioeconomic characteristics, United States, July 21–August 
2, 2021* 

Characteristic 
Total, % (95% CI),  

N = 63,266 
Ever had COVID-19 % 

(95% CI), n = 7,716 
Never had COVID-19 % 

(95% CI), n = 55,186 
All adults, >18 y  14.6 (14.1,15.2) 84.3 (83.7–84.9) 
Age group, y    
 18–49 (referent) 52.0 (51.7–52.3) 16.5 (15.4–17.6) 82.3 (81.2–83.4) 
 50–64 25.9 (25.5–26.2) 15.2 (14.2–16.2) 84.3 (83.3–85.2) 
 >65 22.2 (21.9–22.4) 9.5 (8.5–10.6)† 89.1 (87.9–90.1) 
Sex     
 F (referent) 50.6 (50.3–50.8) 15.2 (14.5–15.9) 84.2 (83.5–84.9) 
 M 46.9 (46.6–47.3) 13.9 (13.0–14.9) 85.1 (84.0–86.0) 
 Transgender or other 2.5 (2.2–2.8) 15.3 (11.5–20.2) 73.9 (67.9–79.1) 
Race/ethnicity    
 Non-Hispanic White (referent) 62.4 (62,2–62.6) 13.1 (12.6–13.7) 86.4 (85.8–86.9) 
 Non-Hispanic Black 11.0 (10.8–11.2) 15.9 (14.2–17.8)† 82.8 (80.6–84.7) 
 Hispanic 17.2 (17.0–17.4) 20.8 (18.9–22.9)† 76.3 (74.1–78.4) 
 Non-Hispanic Asian 5.6 (5.4–5.9) 8.8 (7.2–10.6)† 90.5 (88.6–92.1) 
 Non-Hispanic other/multiple races 3.8 (3.5–4.0) 15.4 (12.7–18.5) 82.8 (79.6–85.6) 
Education    
 High school or less (referent) 38.5 (38.4–38.7) 15.9 (14.8–17.2) 82.3 (81.0–83.6) 
 Some college or college graduate 47.5 (47.2–47.8) 14.8 (14.1–15.4) 84.6 (83.9–85.3) 
 Above college graduate 14.0 (13.7–14.2) 10.3 (9.6–11.1)† 88.8 (88.0–89.5) 
Annual household income    
 <$35,000 (reference) 20.0 (19.3–20.7) 13.7 (12.4–15.1) 84.9 (83.4–86.2) 
 $35,000–$49,999 8.9 (8.5–9.3) 15.2 (13.6–16.9) 84.1 (82.4–85.7) 
 $50,000–$74,999 12.7 (12.2–13.2) 16.0 (14.3,18.0)† 83.1 (81.0–85.0) 
 >$75,000 32.2 (31.6–32.7) 12.7 (11.9–13.4) 86.9 (86.1–87.6) 
 Did not report 26.3 (25.6–27.0) 16.8 (15.5–18.2)† 81.5 (79.9–82.9) 
Insurance status    
 Insured (reference) 91.8 (91.2–92.4) 13.6 (13.0–14.3) 85.6 (85.0–86.2) 
 Not insured 8.2 (7.6–8.8) 17.1 (14.0–20.6)† 79.9 (76.4–83.1) 
No. persons in household    
 1–2 (referent) 39.5 (38.6–40.4) 12.4 (11.8–13.0) 87.2 (86.6–87.8) 
 3–5 50.0 (49.2–50.7) 15.3 (14.4–16.1)† 83.9 (82.9–84.8) 
 >6 10.6 (9.8–11.4) 19.8 (17.3–22.5)† 75.8 (72.9–78.5) 
Housing structure    
 Single-family home (referent) 68.8 (68.1–69.6) 14.0 (13.4–14.7) 85.3 (84.6–86.1) 
 Townhouse/condo 7.6 (7.1–8.1) 12.1 (9.6–15.1) 86.3 (83.1–89.0) 
 Multi-unit home 18.6 (18.0–19.3) 13.7 (12.1–15.5) 85.1 (83.2–86.8) 
 Other: e.g., mobile home, boat, van, RV 5.0 (4.6–5.4) 15.0 (12.8–17.4) 81.9 (79.5–84.1) 
*All percentages are weighted. COVID-19, coronavirus disease; RV, recreational vehicle. 
†Significant at p<0.05 comparing each group to the referent group for likelihood of having previously had COVID-19. 

 

 
Table 2. Association between previous COVID-19 diagnosis and vaccination coverage, United States, July 21–August 2, 2021* 

Prior COVID-19 diagnosis† 
Received >1 dose 

 
Received all required doses 

% (95% CI) aPR (95% CI) % (95% CI) aPR (95% CI) 
Yes 73.3 (71.4–75.2) 0.88 (0.86–0.91)  68.9 (67.0–70.7) 0.86 (0.84–0.89) 
No 84.6 (83.9–85.2) Referent  81.6 (80.9–82.4) Referent 
*All percentages are weighted. aPR, adjusted prevalence ratio; COVID-19, coronavirus disease. 
†Multivariable regression model adjusting for age group, gender, race/ethnicity, educational attainment, annual household income, insurance status, 
household size, and housing structure. 

 



COVID-19 Vaccination and Previous Diagnosis

COVID-19. Insurance status was associated with lower 
risk of being reluctant but did not differ by COVID-19 
case history.

Reasons for not getting vaccinated differed 
among those with and without a previous COVID-19 
diagnosis (Table 3). Among uncertain and reluctant 
adults, a higher percentage of respondents who ever 
had COVID-19, compared with those who never had 
COVID-19, reported concerns about possible side ef-
fects (71% vs. 57%), lack of doctor recommendation 
(15% vs. 9%), and other reasons (30% vs. 22%).

Discussion
Despite the availability of COVID-19 vaccines in the 
United States, vaccination coverage has plateaued 
since May 2021, and uptake remains suboptimal (19). 
Although the exact proportion of the population that 
must be vaccinated to attain herd immunity is debat-
ed (20,21), the current full vaccination coverage esti-
mates found in this study (69% and 82% among those 
who ever or never had COVID-19, lower in some 
subpopulations) is probably insufficient to prevent 
ongoing community transmission (20,21). We found 
that those who have had COVID-19 were less likely 
to have been vaccinated with >1 dose or to be fully 
vaccinated and were more likely to be reluctant to 
get a future vaccination than were those who had not 
had the illness. This finding suggests a lack of under-
standing about the duration of immunity conferred 
by infection, as well as concerns about vaccine-associ-
ated side effects, general vaccine safety, and a lack of 
trust in the government. Addressing concerns about 

possible side effects as well as encouraging providers 
to have discussions about the safety and importance 
of vaccination may be critical for increasing coverage 
among this group. Regardless of sociodemographic 
characteristics, those who had a previous diagnosis of 
COVID-19 were also more likely to report uncertainty 
(probably/unsure) or reluctance (probably will not/
definitely will not) toward vaccination. These results 
highlight the value of increasing vaccine uptake and 
confidence among those who have had the infection, 
particularly as new variants of SARS-CoV-2 emerge.

We found that prevalence of COVID-19 diagno-
ses and vaccination levels vary widely across states. 
In states with lowest vaccination coverage, preva-
lence of cases was highest. Previous studies have 
shown that persons in the South and Midwest were 
less likely to be vaccinated than were those in other 
areas of the United States (9) and that disparities 
in COVID-19 vaccination and intentions to be vac-
cinated persist among racial/ethnic groups, adults 
with lower incomes, and those living in rural areas 
(22–24). It is likely that states with low vaccination 
coverage have a higher proportion of persons who 
are hesitant toward vaccination, have higher social 
vulnerability, or have more access barriers (22–24). 
These findings point to the value of reaching these 
pockets of vulnerability, where the likelihood of fu-
ture outbreaks is high (25), especially because new 
variants of SARS-CoV-2, such as the Delta variant, 
spread more easily and quickly than other variants, 
which may lead to increased cases, hospitalizations, 
and deaths from COVID-19 (26). CDC stated that 
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Figure. COVID-19 vaccination 
coverage estimates and 
prevalence of previous 
COVID-19 infection by state, 
United States, July 21–
August 2, 2021. COVID-19, 
coronavirus disease.
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the 3 authorized vaccines (Pfizer-BioNTech, Mod-
erna, and J&J/Janssen) effectively protect against 
the circulating variants (10,27). The public should 
be informed about the need for vaccination despite 
a history of COVID-19 infection because it remains 
uncertain whether infection confers immunity and, 
if so, the duration of protection.

Adding to the literature, we found that reluctance 
to get vaccinated (i.e., those who probably will not or 
definitely will not get vaccinated) was higher among 
all adults who ever had COVID-19 and by most so-
cioeconomic characteristics. Reluctance to get vacci-
nated was highest among adults who were younger, 
identified as part of a non-Hispanic other racial/eth-
nic group, had lower educational attainment or lower 
household income, had no health insurance, lived in 
larger households, and lived in other transient set-
tings (e.g., mobile homes, boats, vans, or recreational 
vehicles). These results suggest the need to focus in-
terventions on groups already vulnerable to infec-
tion from COVID-19, including those living in larger 
households (which may be multigenerational) and 
adults living in transient homes.

The first limitation of our study involves rep-
resentativeness of the sample. Although sampling 
methods and data weighting were designed to pro-

duce nationally representative results, respondents 
might not be fully representative of the general US 
adult population (28). Second, vaccination status and 
COVID-19 diagnosis were self-reported and subject 
to misclassification. Although prevalence of previous 
COVID-19 diagnosis for this sample was 15%, stud-
ies have found that >1 in 3 Americans had COVID-19 
in 2020; this percentage is likely to be higher in Au-
gust 2021, when the survey was conducted, suggest-
ing that the survey responses may be underestimated 
(29). Third, because the HPS is a cross-sectional sur-
vey, temporal relationships between COVID-19 dis-
ease and vaccination cannot be assessed. Fourth, HPS 
data available to the public do not have information 
on county-level analyses, which would be useful for 
assessing vaccination coverage and intention at the 
local level. Fifth, the HPS response rate is low (<10%). 
However, nonresponse bias assessment conducted by 
the Census Bureau found that the survey weights ad-
justed for most of this bias. Although some bias may 
remain, we do not expect it to be sufficient to change 
the conclusions (28). Last, small sample sizes among 
adults who ever had COVID-19 may have contribut-
ed to lack of statistically significant results for some 
of the socioeconomic factors associated with being 
uncertain or reluctant.
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Table 3. Reasons for not getting vaccinated, by vaccination intention and stratified by previous COVID-19 diagnosis, United States, 
July 21–August 2, 2021* 

Reason 
Ever had COVID-19, %  

(95% CI) 
Never had COVID-19, %  

(95% CI), referent 
Probably/unsure   
 Concerned about possible side effects 70.6 (62.8–77.4)† 57.2 (52.1–62.2) 
 Don’t know if a vaccine will protect me 20.7 (14.3–29.0) 20.5 (17.2–24.2) 
 Don’t believe I need a vaccine 5.4 (3.0–9.5) 8.8 (6.6–11.5) 
 Doctor has not recommended it 5.1 (2.8–9.4) 5.9 (4.1–8.4) 
 Plan to wait and see if it is safe and may get it later 62.2 (54.0–69.8) 56.2 (51.3–60.9) 
 Concerned about the cost of the vaccine ‡ 3.7 (2.5–5.4) 
 Don’t trust COVID-19 vaccines 23.7 (17.5–31.2) 21.9 (18.9–25.2) 
 Don’t trust the government 19.0 (11.1–30.7) 18.4 (15.1–22.2) 
 Don’t think COVID-19 is that big of a threat ‡ 5.2 (3.6–7.6) 
 It's hard for me to get a COVID-19 vaccine ‡ 4.4 (2.7–7.1) 
 Other 12.5 (9.3–16.5) 11.8 (9.2–15.1) 
Probably not/definitely not   
 Concerned about possible side effects 51.2 (45.4–56.9) 54.9 (51.5–58.2) 
 Don’t know if a vaccine will protect me 21.3 (17.0–26.4) 24.4 (21.7–27.2) 
 Don’t believe I need a vaccine 36.6 (30.8–42.9) 31.0 (28.8–33.3) 
 Doctor has not recommended it 15.3 (11.2–20.4)† 9.4 (7.9–11.2) 
 Plan to wait and see if it is safe and may get it later 26.8 (22.6–31.5) 28.3 (25.7–31.0) 
 Concerned about the cost of the vaccine ‡ 3.6 (2.3–5.4) 
 Don’t trust COVID-19 vaccines 50.8 (45.1–56.5) 50.9 (48.0–53.7) 
 Don’t trust the government 39.4 (33.8–45.3) 43.1 (40.4–45.9) 
 Don’t think COVID-19 is that big of a threat 21.9 (17.4–27.2) 24.6 (22.6–26.7) 
 It's hard for me to get a COVID-19 vaccine ‡ 2.5 (1.4–4.2) 
 Other 30.1 (25.0–35.8)† 21.7 (19.2–24.4) 
Only received 1 of 2 doses   
 I believe one dose is enough to protect me ‡ ‡ 
 I experienced side effects from the dose of COVID-19 vaccine I received 51.2 (32.6–69.4) 34.2 (24.0–46.0) 
*All percentages are weighted. COVID-19, coronavirus disease. 
†Significant at p<0.05 comparing ever and never had previous COVID-19 diagnosis. 
‡Estimates suppressed if relative standard error >30%. 

 



COVID-19 Vaccination and Previous Diagnosis

Despite COVID-19 vaccines being readily avail-
able to all Americans, many persons are still hesitant 
about getting vaccinated. Our finding that those with 
previous COVID-19 infection are less likely to be vac-
cinated or to complete all recommended doses sug-
gests a strong need for direct messaging that infection 
does not confer reliable immunity. Although current 
health campaigns to improve COVID-19 vaccine up-
take have successfully reached many Americans, ad-
ditional efforts are needed to ensure that those with 
a COVID-19 history are well informed of the CDC 
COVID-19 vaccine recommendations. Studies have 
found that confidence in vaccines, weaker compla-
cency, and collective responsibility were associated 
with higher likelihood of COVID-19 vaccination (30). 
The CDC strategy for reinforcing confidence in CO-
VID-19 vaccines is to build trust in the safety and ef-
ficacy of vaccines, empower healthcare personnel to 
recommend vaccination to their patients, and engage 
communities around vaccine confidence by tailoring 
culturally appropriate messages and materials (31). 
This information could be emphasized to patients at 
the time of diagnosis, during clinical visits, and rein-
forced at time of hospital discharge among those who 
have been hospitalized. Messages should include the 
potential for reinfection, the role that nonvaccinated 
persons may play in continuing community transmis-
sion, and the potential for the emergence of addition-
al variants of concern.

In summary, adults who have had COVID-19 
are less likely to have been vaccinated than those 
who had not had the illness, suggesting the need 
to better educate the public about the importance 
of being vaccinated, regardless of previous COV-
ID-19 diagnosis. Promising strategies to promote 
vaccination in localities with low vaccine uptake 
include door-to-door outreach, mobile vaccination 
units, vaccine offerings on public transportation 
and at public events, and incentives such as cash or 
other rewards (32,33). Studies have also shown that 
clear and consistent messages about the safety and 
effectiveness of vaccines; the protection they pro-
vide for families and communities; and the value of 
vaccines for returning to school, work, and social 
activities are needed to increase uptake and boost 
confidence (5,9). Building confidence in COVID-19 
vaccines is critical for ensuring that communities 
are fully vaccinated and protected from the harmful 
effects of COVID-19. Reinforcing the message that 
the COVID-19 vaccine is needed, despite previous 
infection, will help protect communities against 
further spread of the disease, particularly as new  
variants emerge.

J.D.A. was supported by the Research and Scholarship 
Strategic Plan of the Tufts University Office of the Vice 
Provost for Research. L.C. was supported by Eunice  
Kennedy Shriver National Institute of Child Health & 
Human Development grant no. K12HD092535 and by the 
Tufts University/Tufts Medical Center COVID-19 Rapid 
Response Seed Funding Program.

About the Author 
Dr. Nguyen is an assistant professor at Tufts University 
School of Medicine. Her main research areas are vaccine 
hesitancy and efforts to increase vaccine confidence in the 
United States. 

References
  1.	 Drillinger M. Here’s who is being hospitalized for  

COVID-19 right now. Healthline [ cited 2021 Dec 7].  
https://www.healthline.com/health-news/heres-who-is-
being-hospitalized-for-covid-19-right-now

  2.	 US Government. COVID-19 reported patient impact and 
hospital capacity by state [ cited 2021 Dec 7]. https://health-
data.gov/dataset/COVID-19-Reported-Patient-Impact-and-
Hospital-Capa/6xf2-c3ie

  3.	 Centers for Disease Control and Prevention. COVID-19  
vaccinations in the United States [ cited 2021 Dec 7].  
https://covid.cdc.gov/covid-data-tracker/#vaccinations

  4.	 Nguyen KH, Srivastav A, Razzaghi H, Williams W,  
Lindley MC, Jorgensen C, et al. COVID-19 vaccination intent, 
perceptions, and reasons for not vaccinating among groups 
prioritized for early vaccination—United States, September 
and December 2020. MMWR Morb Mortal Wkly Rep. 
2021;70:217–22. https://doi.org/10.15585/mmwr.mm7006e3

  5.	 Baack BN, Abad N, Yankey D, Kahn KE, Razzaghi H,  
Brookmeyer K, et al. COVID-19 vaccination coverage and  
intent among adults aged 18-39 years—United States, 
March–May 2021. MMWR Morb Mortal Wkly Rep. 
2021;70:928–33. https://doi.org/10.15585/mmwr.mm7025e2

  6.	 Dodd RH, Pickles K, Nickel B, Cvejic E, Ayre J, Batcup C,  
et al. Concerns and motivations about COVID-19 vaccination. 
Lancet Infect Dis. 2021;21:161–3. https://doi.org/ 
10.1016/S1473-3099(20)30926-9

  7.	 Allen JD, Feng W, Corlin L, Porteny T, Acevedo A,  
Schildkraut D, et al. Why are some people reluctant to be 
vaccinated for COVID-19? A cross-sectional survey among 
US adults in May–June 2020. Prev Med. 2020;24:101494.

  8.	 Sherman SM, Smith LE, Sim J, Amlôt R, Cutts M, Dasch H, 
et al. COVID-19 vaccination intention in the UK: results from 
the COVID-19 vaccination acceptability study (CoVAccS), a 
nationally representative cross-sectional survey. Hum Vaccin 
Immunother. 2021;17:1612–21. https://doi.org/10.1080/ 
21645515.2020.1846397

  9.	 Nguyen KH, Nguyen KC, Corlin L, Allen J, Chung M. 
Changes in COVID-19 vaccination and intent, by  
socioeconomic characteristics and geographic area, adults ≥ 
18 years, United States, January 6–March 29, 2021. Ann Med. 
2021;53:1419–28.

10.	 Rubin R. As their numbers grow, COVID-19 “long haulers” 
stump experts. JAMA. 2020;324:1381–3. 

11.	 Sheehan MM, Reddy AJ, Rothberg MB. reinfection rates 
among patients who previously tested positive for  
coronavirus disease 2019: a retrospective cohort study.  

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 3, March 2022	 637



RESEARCH

Clin Infect Dis. 2021;73:1882–6.  https://doi.org/10.1093/
cid/ciab234

12.	 Pilz S, Chakeri A, Ioannidis JP, Richter L, Theiler-Schwetz V, 
Trummer C, et al. SARS-CoV-2 re-infection risk in Austria. 
Eur J Clin Invest. 2021;51:e13520. https://doi.org/10.1111/
eci.13520

13.	 Lumley SF, O’Donnell D, Stoesser NE, Matthews PC, 
Howarth A, Hatch SB, et al.; Oxford University Hospitals 
Staff Testing Group. Antibody status and incidence of 
SARS-CoV-2 infection in health care workers. N Engl J Med. 
2021;384:533–40. https://doi.org/10.1056/NEJMoa2034545

14.	 Hansen CH, Michlmayr D, Gubbels SM, Mølbak K,  
Ethelberg S. Assessment of protection against reinfection 
with SARS-CoV-2 among 4 million PCR-tested individuals 
in Denmark in 2020: a population-level observational study. 
Lancet. 2021;397:1204–12. https://doi.org/10.1016/ 
S0140-6736(21)00575-4

15.	 Ebinger JE, Fert-Bober J, Printsev I, Wu M, Sun N,  
Prostko JC, et al. Antibody responses to the BNT162b2 
mRNA vaccine in individuals previously infected with 
SARS-CoV-2. Nat Med. 2021;27:981–4.  https://doi.org/ 
10.1038/s41591-021-01325-6

16.	 US Census Bureau. Household Pulse Survey [ cited 2021 Dec 
7]. https://www.census.gov/programs-surveys/household-
pulse-survey.html

17.	 Fields JF, Hunter-Childs J, Tersine A, Sisson J, Parker E, 
Velkoff V, et al. Design and operation of the 2020  
Household Pulse Survey, 2020 [ cited 2021 Dec 7].  
https://www2.census.gov/programs-surveys/demo/ 
technical-documentation/hhp/2020_HPS_Background.pdf

18.	 US Census Bureau. Source of the data and accuracy of the 
estimate for the household pulse survey – phase 3.2 [ cited 
2021 Dec 7]. https://www2.census.gov/programs-surveys/
demo/technical-documentation/hhp/Phase3-2_Source_
and_Accuracy_Week%2034.pdf

19.	 Weixel N. Poll shows COVID-19 vaccine enthusiasm has 
reached a plateau. The Hill [ cited 2021 Dec 7]. https://
thehill.com/policy/healthcare/552129-poll-shows-covid-
vaccine-enthusiasm-has-reached-a-plateau

20.	 Randolph HE, Barreiro LB. Herd immunity:  
understanding COVID-19. Immunity. 2020;52:737–41. 
https://doi.org/10.1016/j.immuni.2020.04.012

21.	 Fontanet A, Cauchemez S. COVID-19 herd immunity: where 
are we? Nat Rev Immunol. 2020;20:583–4. https://doi.
org/10.1038/s41577-020-00451-5

22.	 Nguyen KH, Anneser E, Toppo A, Allen JD, Parott JS,  
Corlin L. 2021. Disparities in national and state estimates 
of COVID-19 vaccination receipt and intent to vaccinate by 
race/ethnicity, income, and age group among adults >18 
years, United States. Vaccine. 2022;40:107–113. 

23.	 Murthy BP, Sterrett N, Weller D, Zell E, Reynolds L,  
Toblin RL, et al. Disparities in COVID-19 vaccination  

coverage between urban and rural counties—United States, 
December 14, 2020–April 10, 2021. MMWR Morb Mortal 
Wkly Rep. 2021;70:759–64. https://doi.org/10.15585/ 
mmwr.mm7020e3

24.	 Barry V, Dasgupta S, Weller DL, Kriss JL, Cadwell BL,  
Rose C, et al. Patterns in COVID-19 vaccination coverage, by 
social vulnerability and urbanicity—United States,  
December 14, 2020–May 1, 2021. MMWR Morb Mortal Wkly 
Rep. 2021;70:818–24. https://doi.org/10.15585/mmwr.
mm7022e1

25.	 Office of the Assistant Secretary for Planning and Evaluation. 
Vaccine hesitancy for COVID-19: state, county, and local 
estimates [ cited 2021 Dec 7]. https://aspe.hhs.gov/reports/
vaccine-hesitancy-covid-19-state-county-local-estimates

26.	 Centers for Disease Control and Prevention. What you need 
to know about variants [ cited 2021 Dec 7]. https://www.
cdc.gov/coronavirus/2019-ncov/variants/variant.html

27.	 Sullivan P. Vaccinated people ‘safe’ from delta variant, do 
not need to wear masks. The Hill [ cited 2021 Dec 7].  
https://thehill.com/policy/healthcare/560871-cdc- 
director-vaccinated-people-safe-from-delta-variant-do-not-
need-to-wear

28.	 US Census Bureau. Nonresponse bias report for the  
2020 Household Pulse Survey [ cited 2021 Dec 7].  
https://www2.census.gov/programs-surveys/demo/
technical-documentation/hhp/2020_HPS_NR_Bias_Report-
final.pdf

29.	 Sen P, Yamana TK, Kandula S, Galanti M, Shaman J.  
Burden and characteristics of COVID-19 in the United States 
during 2020. Nature. 2021;598:338–41. https://doi.org/ 
10.1038/s41586-021-03914-4

30.	 Kwok KO, Li KK, Tang A, Tsoi MTF, Chan EYY, Tang JWT, 
et al. Psychobehavioral responses and likelihood of  
receiving COVID-19 vaccines during the pandemic, Hong 
Kong. Emerg Infect Dis. 2021;27:1802–10. https://doi.org/ 
10.3201/eid2707.210054

31.	 Centers for Disease Control and Prevention. Vaccinate with 
Confidence COVID-19 Vaccines Strategy for Adults [ cited 
2021 Dec 7]. https://www.cdc.gov/vaccines/covid-19/
vaccinate-with-confidence/strategy.html

32.	 Bibbins-Domingo K, Petersen M, Havlir D. Taking vaccine to 
where the virus is—equity and effectiveness in coronavirus 
vaccinations. JAMA Health Forum 2021:2:e210213–e210213.

33.	 Volpp KG, Cannuscio CC. Incentives for immunity— 
strategies for increasing Covid-19 vaccine uptake. N Engl J 
Med. 2021;385:e1. https://doi.org/10.1056/NEJMp2107719

Address for correspondence: Kimberly H. Nguyen, Department 
of Public Health & Community Medicine, 145 Harrison Ave, Tufts 
University School of Medicine, Boston, MA 02111, USA; email: 
kimberly.nguyen@tufts.edu

638	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 3, March 2022



 

Page 1 of 3 

Article DOI: https://doi.org/10.3201/eid2803.211561 

COVID-19 Vaccination Coverage, 
Behaviors, and Intentions among Adults 
with Previous Diagnosis, United States  

Appendix 

 
Appendix Table 1. COVID-19 vaccination coverage and intention to receive all required doses, by sociodemographic 
characteristics and stratified by prior COVID-19 diagnosis, United States, July 21–August 2, 2021* 

Characteristic 

Received >1 dose Received all required doses 
Ever had COVID-19 Never had COVID-19 (referent) 

Ever had 
COVID-19, % 

(95% CI) 

Never had 
COVID-19 

(referent), % 
(95% CI) % (95% CI) aPR (95% CI) % (95% CI) aPR (95% CI) 

Age group, y       
 18–49 (referent) 65.9 

(63.1–68.6)† 
1 77.9 

(76.8–78.9) 
1 60.8 

(58.1–63.5)† 
74.5 

(73.3–75.7) 
 50–64 81.1 

(77.9–83.9)† 
1.22 

(1.14–1.30) 
89.2 

(88.2–90.1) 
1.12 

(1.10–1.14) 
77.3 

(74.3–80.0)† 
86.2 

(85.2–87.2) 
 >65 89.4 

(85.6–92.3)† 
1.33 

(1.23–1.43) 
94.0 

(93.1–94.7) 
1.17 

(1.15–1.19) 
86.2 

(82.0–89.5)† 
92.0 

(90.9–93.1) 
Sex        
 F (referent) 75.6 

(73.6–77.5)† 
1 84.6 

(83.7–85.4) 
1 70.4 

(68.4–72.5)† 
81.4 

(80.4–82.3) 
 M 71.9 

(68.1–75.4)† 
0.93 

(0.88–0.99) 
84.9 

(83.8–85.9) 
1.01 

(0.99–1.02) 
68.4 

(64.5–72.1)† 
82.5 

(81.2–83.6) 
 Transgender or other 58.6 

(40.1–75.0) 
0.81 

(0.56–1.19) 
75.3 

(68.5–81.1) 
0.98 

(0.89–1.07) 
51.8 

(33.7–69.5) 
70.7 

(63.3–77.1) 
 

Race/ethnicity       
 Non-Hispanic White 
(referent) 

72.8 
(70.4–75.1)† 

1 85.0 
(84.3–85.8) 

1 69.1 
(66.7–71.4)† 

82.9 
(82.1–83.8) 

 Non-Hispanic Black 69.7 
(63.3–75.3)† 

0.96 
(0.87–1.05) 

79.1 
(76.6–81.3) 

0.96 
(0.94–0.99) 

65.3 
(58.9–71.1)† 

73.5 
(70.7–76.0) 

 Hispanic 74.7 
(68.6–80.0)† 

1.11 
(1.01–1.22) 

82.7 
(80.0–85.1) 

1.06 
(1.03–1.09) 

67.9 
(62.5–72.9)† 

78.1 
(75.2–80.8) 

 Non-Hispanic Asian 87.6 
(79.8–92.7)† 

1.21 
(1.10–1.32) 

95.3 
(92.9–96.9) 

1.11 
(1.08–1.14) 

83.1 
(75.8–88.5)† 

92.8 
(90.5–94.6) 

 Non-Hispanic other/multiple 
races 

71.2 
(59.8–80.5)† 

1.08 
(0.94–1.24) 

82.4 
(79.1–85.3) 

1.02 
(0.98–1.06) 

70.1 
(59.1–79.2) 

79.5 
(76.1–82.6) 

Education       
 High school or less 
(referent) 

70.4 
(66.6–73.8)† 

1 76.9 
(75.3–78.5) 

1 64.9 
(61.1–68.6)† 

72.7 
(70.9–74.4) 

 Some college or college 
graduate 

73.6 
(71.1–75.9)† 

1.05 
(0.98–1.12) 

87.1 
(86.3–87.8) 

1.08 
(1.06–1.11) 

69.6 
(66.9–72.1)† 

84.7 
(83.9–85.5) 

 Above college graduate 85.0 
(81.6–87.8)† 

1.16 
(1.08–1.25) 

95.9 
(95.4–96.4) 

1.14 
(1.11–1.17) 

82.2 
(78.7–85.2)† 

94.7 
(94.1–95.2) 

Annual household income       
 <$35,000 (reference) 69.3 

(63.3–74.6)† 
1 75.8 

(74.0–77.6) 
1 61.1 

(55.7–66.3)† 
71.1 

(69.1–73.1) 
 $35,000–$49,999 73.7 

(66.4–79.8)† 
1.08 

(0.96–1.22) 
86.0 

(83.7–88.0) 
1.09 

(1.06–1.13) 
70.3 

(63.4–76.4)† 
83.1 

(80.6–85.3) 
 $50,000–$74,999 71.6 

(64.7–77.6)† 
1.04 

(0.92–1.17) 
86.1 

(84.6–87.5) 
1.08 

(1.05–1.11) 
68.7 

(61.8–74.8)† 
83.4 

(81.8–84.9) 
 >$75,000 79.8 

(77.3–82.1)† 
1.14 

(1.05–1.25) 
91.8 

(90.9–92.6) 
1.13 

(1.10–1.16) 
77.0 

(74.1–79.6)† 
90.3 

(89.3–91.1) 
 Did not report 70.6 

(66.3–74.6)† 
0.94 

(0.78–1.15) 
80.7 

(79.0–82.2) 
1.11 

(1.07–1.15) 
65.8 

(61.4–69.9)† 
77.3 

(75.6–78.8) 

https://doi.org/10.3201/eid2803.211561
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Characteristic 

Received >1 dose Received all required doses 
Ever had COVID-19 Never had COVID-19 (referent) 

Ever had 
COVID-19, % 

(95% CI) 

Never had 
COVID-19 

(referent), % 
(95% CI) % (95% CI) aPR (95% CI) % (95% CI) aPR (95% CI) 

Insurance status       
 Insured (reference) 75.6 

(73.2–77.7)† 
1 87.6 

(86.9–88.2) 
1 71.2 

(69.0–73.4)† 
85.1 

(84.4–85.8) 
 Not insured 56.5 

(44.4–67.9) 
0.87 

(0.70–1.08) 
64.9 

(61.0–68.6) 
0.85 

(0.80–0.91) 
52.4 

(41.5–63.0) 
59.7 

(55.6–63.7) 
No. persons in household       
 1–2 (referent) 81.5 

(79.4–83.4)† 
1 89.6 

(88.9–90.2) 
1 77.1 

(74.7–79.4)† 
87.6 

(86.9–88.3) 
 3–5 70.4 

(67.2–73.4)† 
0.93 

(0.88–0.99) 
82.0 

(80.8–83.2) 
0.96 

(0.94–0.97) 
66.2 

(63.0–69.2)† 
78.6 

(77.2–79.9) 
 >6 65.0 

(58.2–71.3)† 
0.87 

(0.77–0.99) 
76.3 

(72.8–79.4) 
0.92 

(0.88–0.96) 
59.0 

(52.1–65.6)† 
71.9 

(68.4–75.2) 
Housing structure       
 Single-family home 
(referent) 

74.4 
(71.5, 77.2)† 

1 87.4 
(86.5, 88.2) 

1 70.2 
(67.4, 72.9)† 

85.1 
(84.1, 86.1) 

 Townhouse/condo 77.0 
(64.6, 86.1) 

1.09 
(0.96, 1.24) 

86.5 
(84.2, 88.5) 

1.01 
(0.99, 1.04) 

73.7 
(61.8, 83.0) 

83.4 
(80.6, 85.8) 

 Multi-unit home 71.9 
(63.8, 78.8)† 

1.03 
(0.92, 1.15) 

85.3 
(83.8, 86.7) 

1.03 
(1.01, 1.05) 

68.1 
(59.6, 75.5)† 

81.4 
(79.7, 83.1) 

 Other (e.g., mobile home, 
boat, van, RV) 

63.4 
(53.1, 72.6) 

0.90 
(0.77, 1.06) 

68.3 
(63.8, 72.5) 

0.86 
(0.80, 0.92) 

56.0 
(45.9, 65.6) 

63.3 
(59.2, 67.3) 

†All percentages are weighted. aPR = adjusted prevalence ratio; COVID-19, coronavirus disease. 
†Significant at p<0.05 comparing ever and never had previous COVID-19 diagnosis by each sociodemographic characteristic. 

 
 
Appendix Table 2. Factors associated with vaccination intention, stratified by prior COVID-19 diagnosis, United States, July 21–
August 2, 2021* 

 
Characteristic 

Probably will get a vaccine/ unsure about getting a 
vaccine 

Probably will not get a vaccine/ definitely will not get a 
vaccine 

Ever had COVID-19 
Never had COVID-19 

(referent) Ever had COVID-19 
Never had COVID-19 

(referent) 
% 

(95% CI) 
aPR 

(95% CI) 
% 

(95% CI) 
aPR 

(95%CI) 
% 

(95% CI) 
aPR 

(95% CI) 
% 

(95% CI) 
aPR 

(95% CI) 
All adults, >18 y 10.3 

(8.9–11.8)† 
 4.8 

(4.4–5.3) 
 14.0 

(12.5–15.6)† 
 9.4 

(8.8–9.9) 
 

Age group, y         
 18–
49(referent) 

14.0 
(12.0–16.2)† 

1 7.0 
(6.3–7.7) 

1 16.8 
(14.9–19.0)† 

1 13.3 
(12.5–14.2) 

1 

 50–64 6.3 
(4.5–8.6)† 

0.42 
(0.29–0.61) 

3.6 
(3.0–4.3) 

0.58 
(0.47–0.73) 

11.2 
(9.0–13.8)† 

0.74 
(0.54–0.99) 

6.5 
(5.9–7.3) 

0.52 
(0.45–0.59) 

 >65 2.4 
(1.4–3.9) 

0.20 
(0.11–0.38) 

1.6 
(1.2–2.2) 

0.23 
(0.17–0.31) 

7.6 
(4.8–11.8)† 

0.49 
(0.31–0.76) 

4.0 
(3.3–4.7) 

0.30 
(0.23–0.38) 

Sex          
 F (referent) 10.4 

(8.8–12.2)† 
1 5.2 

(4.7–5.8) 
1 12.2 

(11.0–13.5)† 
1 8.8 

(8.3–9.4) 
1 

 M 10.6 
(8.1–13.6)† 

1.10 
(0.79–1.52) 

4.4 
(3.9–5.0) 

0.84 
(0.71–1.00) 

14.8 
(12.4–17.7)† 

1.25 
(1.02–1.51) 

9.5 
(8.7–10.5) 

1.04 
(0.93–1.16) 

 Transgender 
or other 

3.1 
(1.2–7.3) 

0.30 
(0.09–1.01) 

‡ 0.27 
(0.12–0.58) 

32.9 
(19.5–49.9) 

2.74 
(1.42–5.29) 

19.6 
(14.6–25.8) 

1.81 
(1.21–2.71) 

Race/ethnicity         
 Non-Hispanic 
White (referent) 

8.8 
(7.4–10.5)† 

1 4.0 
(3.6–4.5) 

1 16.5 
(14.7–18.6)† 

1 10.2 
(9.5–10.9) 

1 

 Non-Hispanic 
Black 

13.7 
(8.9–20.5) 

1.47 
(0.90–2.40) 

10.0 
(8.1–12.2) 

1.68 
(1.34–2.12) 

11.0 
(7.6–15.5) 

0.60 
(0.40–0.89) 

8.7 
(7.4–10.2) 

0.77 
(0.64–0.93) 

 Hispanic 13.0 
(9.3–17.9)† 

1.27 
(0.84–1.91) 

5.9 
(4.7–7.5) 

0.89 
(0.64–1.22) 

10.3 
(7.5–14.0) 

0.49 
(0.32–0.77) 

8.6 
(7.1–10.5) 

0.54 
(0.43–0.69) 

 Non-Hispanic 
Asian 

‡ 0.53 
(0.17–1.67) 

2.0 
(1.2–3.4) 

0.57 
(0.28–1.14) 

‡ 0.21 
(0.06–0.81) 

‡ 0.20 
(0.08–0.51) 

 Non-Hispanic 
other/multiple 
races 

‡ 0.74 
(0.28–1.94) 

4.3 
(3.2–5.8) 

0.85 
(0.61–1.19) 

20.1 
(11.8–32.2) 

0.84 
(0.48–1.46) 

11.8 
(9.4–14.6) 

0.93 
(0.69–1.27) 

Education         
 High school or 
less (referent) 

12.9 
(10.1–16.3)† 

1 7.5 
(6.5–8.6) 

1 13.8 
(11.2–16.9) 

1 13.3 
(12.1–14.6) 

1 
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 Some college 
or college 
graduate 

9.4 
(7.9–11.2)† 

0.74 
(0.51–1.07) 

4.0 
(3.7–4.4) 

0.68 
(0.54–0.84) 

14.8 
(13.0–16.7)† 

1.15 
(0.85–1.57) 

8.2 
(7.6–8.8) 

0.68 
(0.59–0.78) 

 Above college 
graduate 

3.3 
(2.2–5.1)† 

0.32 
(0.19–0.57) 

0.8 
(0.6–1.0) 

0.17 
(0.12–0.25) 

11.1 
(8.6–14.4)† 

0.86 
(0.54–1.35) 

3.1 
(2.6–3.7) 

0.29 
(0.22–0.38) 

Annual 
household 
income 

        

 <$35,000 
(reference) 

13.9 
(9.8–19.3)† 

1 8.9 
(7.7–10.4) 

1 15.0 
(11.6–19.3) 

1 12.5 
(11.2–13.8) 

1 

 $35,000–
$49,999 

10.7 
(6.9–16.1)† 

0.83 
(0.48–1.43) 

3.9 
(3.0–5.1) 

0.55 
(0.40–0.74) 

11.7 
(8.0–17.0) 

0.79 
(0.52–1.19) 

8.7 
(7.0–10.7) 

0.77 
(0.62–0.96) 

 $50,000–
$74,999 

‡ 0.84 
(0.35–1.99) 

4.4 
(3.5–5.4) 

0.65 
(0.49–0.85) 

14.0 
(10.4–18.5)† 

0.91 
(0.63–1.33) 

8.9 
(7.8–10.1) 

0.87 
(0.75–1.01) 

 >$75,000 6.0 
(4.5–7.8)† 

0.57 
(0.35–0.94) 

2.1 
(1.7–2.7) 

0.37 
(0.28–0.49) 

12.8 
(10.7–15.3)† 

0.75 
(0.54–1.03) 

5.7 
(5.1–6.5) 

0.61 
(0.50–0.74) 

 Did not report 11.7 
(8.7–15.4)† 

1.13 
(0.58–2.20) 

5.7 
(4.8–6.8) 

0.62 
(0.45–0.86) 

15.2 
(12.5–18.2)† 

1.06 
(0.68–1.65) 

12.2 
(10.9–13.6) 

0.66 
(0.51–0.87) 

Insurance status         
 Insured 
(reference) 

9.5 
(8.0–11.3)† 

1 4.0 
(3.7–4.4) 

1 12.8 
(11.2–14.5)† 

1 7.7 
(7.2–8.2) 

1 

 Not insured ‡ 1.00 
(0.42–2.35) 

9.0 
(6.9–11.7) 

1.00 
(0.74–1.36) 

23.3 
(15.4–33.7) 

1.57 
(1.04–2.38) 

21.0 
(17.0–25.7) 

1.59 
(1.29–1.98) 

No. persons in 
household 

        

 1–2 (referent) 6.2 
(5.2–7.5)† 

1 3.1 
(2.7–3.5) 

1 10.2 
(8.6–12.1)† 

1 6.5 
(6.0–7.1) 

1 

 3–5 11.8 
(9.4–14.5)† 

1.24 
(0.90–1.72) 

6.0 
(5.3–6.8) 

1.47 
(1.20–1.80) 

15.7 
(13.6–18.2)† 

1.33 
(1.00–1.76) 

10.4 
(9.5–11.3) 

1.28 
(1.11–1.46) 

 >6 14.4 
(9.7–20.8)† 

1.32 
(0.65–2.71) 

6.3 
(4.9–8.0) 

1.44 
(1.00–2.08) 

16.6 
(12.8–21.3) 

1.41 
(0.97–2.04) 

16.4 
(13.7–19.6) 

1.78 
(1.41–2.24) 

Housing 
structure 

        

 Single-family 
home (referent) 

9.4 
(7.7–11.5)† 

1 3.6 
(3.2–4.1) 

1 14.4 
(12.3–16.7)† 

1 8.2 
(7.5–9.0) 

1 

 Townhouse/co
ndo 

‡ 1.10 
(0.61–1.98) 

6.3 
(4.7–8.3) 

1.39 
(1.04–1.86) 

5.9 
(3.4–10.0) 

0.41 
(0.23–0.75) 

6.4 
(5.0–8.0) 

0.71 
(0.55–0.92) 

 Multi-unit 
home 

11.9 
(6.5–20.7) 

 

0.99 
(0.52–1.88) 

6.2 
(5.1–7.6) 

 

1.16 
(0.92–1.47) 

10.8 
(8.4–13.9)† 

0.75 
(0.55–1.01) 

7.0 
(6.1–8.1) 

 

0.69 
(0.57–0.84) 

 Other (e.g., 
mobile home, 
boat, van, RV) 

10.1 
(6.0–16.3) 

 

1.00 
(0.59–1.67) 

8.7 
(6.8–11.1) 

 

1.50 
(1.11–2.04) 

26.1 
(17.3–37.3) 

1.56 
(1.03–2.37) 

19.3 
(16.2–22.7) 

 

1.51 
(1.23–1.84) 

*All percentages are weighted, aPR, adjusted prevalence ratio; COVID-19, coronavirus disease; RV, recreational vehicle. 
†Statistically significant difference 
(<0.05) between respondents who ever had COVID-19 and those who never had COVID-19 
‡Estimates suppressed if relative standard error >30%. 

 
 


